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Persistence of primary spongiosa in the medullary cavity of bone is the characteristic change of bovine congenital osteopetrosis. The skeletal disease is inheritable and has been reported in several breeds of cows and other domestic anim a l~.~.~,~.~.~ Here we report the pathological changes of bones of three aborted or neonatal calves in which a persistence of the secondary spongiosa was distinctive in the medullary cavity of long bones. The pathological significance of the skeletal change was inconclusive, but the lack of literature describing this condition prompted the present study.
Calf 1 was an 8-month-old male aborted fetus of Japanese black breed. His dam was 14 years old with no history of abnormal delivery and was slaughtered due to downer syndrome after the abortion. Calf 2 was an 8-month-old female fetus of Holstein-Friesian breed. Her 3-year-old dam, having delivered one normal calf, succumbed with anorexia and pyrexia at the 8th month of the 2nd pregnancy. Autopsy of the dam revealed severe traumatic reticulitis and pericarditis. Calf 2 died in utero prior to the mother's death. Calf 3 was a 2-day-old male, normally delivered neonate of Japanese black breed.
External appearance of all bones was normal in calves 1 and 2. In tubular bones, medullary cavities of the metaphysis and diaphysis were filled variably with triangular wedges of dense and hard osseous tissue ( Fig. l) , with bases at proximal and distal ends of the bone. The cortex of the bones was thin at the metaphysis but was slightly or moderately thickened in the midshaft area. Cancellous bone in the epiphysis was also dense, but articular cartilage was normal. Cuboidal bones such as tarsal, talus, and vertebral body of calves 1 and 2 also had dense cancellous bone in comparison with agematched controls. The cortex of the ribs of calf 1 was thick, and medullary cavities were narrowed. Although foramina M. GORYO, AND C. ITAKURA of the cranium were not fully examined, abnormalities found in cross and sagittal sections of cranial and facial bones were confined to narrowed nasal passages due to osseous thickening of the turbinate bones in calf 1 (Fig. 2 ). Calf 3 had marrow cavities of femur and humerus nearly filled with triangular wedges of hard cancellous bones; there were also many malformations including scoliosis, cleft palate, impacted teeth, ventricular septa1 defect, cerebellar hypoplasia, and cryptorchidism. The cranium and other bones of calf 3 were not available for study.
Histologically, cones in the medullary cavities and cancellous bone in the epiphysis of tubular bones consisted of secondary spongiosa in all calves. Densely packed secondary spongiosa was also in cuboidal bones and ribs of calves 1 and 2 and in turbinate bones of calf 1. Spicules of cancellous bones were slightly thickened and had a thin core of calcified cartilage wrapped with lamellar bone (Figs. 3, 4 ). The size of osteoclasts resorbing secondary spongiosa at metaphysis was measured in paraffin-embedded sections of the femur of three affected and four control calves ( Table 1 ). The number of cells per randomly selected 1 -cm square field in the same section was also calculated ten times for each case. The morphometry revealed a significant decrease in thickness, but not in number and axial length, of osteoclasts of three affected calves. The number of osteoblasts in the metaphysis and diaphysis appeared normal in all cases. The epiphyseal plate of tubular bones was intact except for the persistence of hypertrophic cartilage as small islets in the primary spongiosa of the femur and humerus of calf 2. A few similar cartilaginous islets were found in cancellous bone of the vertebral bodies of calf 1.
The density of free cells in bone marrow of affected bones was comparable to controls. Postmortem autolysis prevented detailed analysis of visceral organs of calves 1 and 3, but the extent of extramedullary hematopoiesis in the spleen and liver was unaffected in all calves. A hereditary background of the disease was not found in the present study.
The distinct, prevailing pathological change in the calves was a proliferation of secondary spongiosa in the medullary cavity of tubular bones. The epiphyseal plate and primary spongiosa were normal, indicating insufficiency of bone resorption in the diaphysis rather than overproduction of sec-ondary spongiosa. Osteoclasts in the diaphysis were numerically normal but significantly flattened, suggesting inactivity of the cells. Thickening of the cortex of tubular bones at the midshaft area and dense cancellous bones formed in the cuboidal and turbinate bones might also be attributed to insufficient bone resorption. The significance of skeletal changes as a cause of intrauterine death was inconclusive in calves 1 and 2.
A similar, but definitely different skeletal disease is osteo- Fig. 3 . Cancellous bone, femur (metaphysis), calf 1. Spicules of cancellous bone of calf 1 are more thick and dense than control calf (Fig. 4) . Inset: Thin osteoclasts of calf 1. HE. Fig. 4 . Cancellous bone, femur, normal calf (age-matched control to calf 1, Fig. 3 ). Inset: Normal osteoclasts, control calf. HE. Persistence of secondary spongiosa in the medullary cavity of bone has appeared only twice in the veterinary literature as metaphyseal dyspla~ia.~,~ Metaphyseal dysplasia and craniometaphyseal dysplasia of humans are inheritable, systemic, skeletal diseases of very rare occurrence. They are craniotubular dysplasiasl and exhibit flask-like flaring of the proximal and distal ends of the long tubular bones or osseous thickening of the cranial vault and base due to excessive persistence of secondary spongiosa within bones. Most reports on the diseases concern radiographic findings of child and adult patients. Animal models of the human diseases are unknown. Although skeletal changes of calves are partially in accordance with metaphyseal dysplasia and craniometaphyseal dysplasia of humans, further study of an analogy between bovine and human skeletal changes might be made if fetal or neonatal human counterparts and adult bovine cases were pathologically examined.
